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Abstract 
The purpose of the study was to improve knowledge on the genetic structure status of the 
Croatian autochthonous Istrian cattle, breed currently listed by the FAO as “critically 
endangered”. The study included 20 randomly selected cattle blood samples on which 
genotyping was performed using 11 microsatellites from the panel recommended by the 
ISAG / FAO. The procedure enabled the identification of as many as 209 (94.14%) 
genotypes and, at the same time 114 allelic variations were found with X = 10.36 alleles 
per locus. The genotypes showed differences between the microsatellite loci and also 
significant differences in the frequency of both homozygosity and heterozygosity. The 
analysis of the occurrence of the microsatellite loci showed marked allelic variability. The 
distribution of genetic relationship was expressed by F coefficients, and a moderate level of 
genetic diversity was observed at some loci. The findings demonstrate the degree of breed 
relationship and breed purity, but also indicate threats to certain parts of the genome of the 
studied Istrian cattle. Therefore, urgent measures must be taken to support both the genetic 
consolidation and preservation of the remaining population of “purebred” samples. 
Keywords: Genetic Diversity; Genetic Structure; Istrian Cattle; Microsatellites; Podolian 
Cattle. 
Introduction 
Istrian cattle is a Croatian autochthonous breed living on the Istrian karst peninsula and the island of Krk  in western part 
of Croatia, and belong to the Podolian subspecies of the original bovine cattle, the Bos taurus primigenius Bojanus 
Aurochs; Ur. originating from the steppe region on Volhynian - Podolian plateau of Ukraine. In ancient times, Podolian 
cattle migrated into the Pannonia and spread into Central and Southern Europe; reaching Croatia. It is assumed that the 
Podolian cattle migrated into these regions with Roman legions in the first centuries A.D. and in the fifth century, during 
the conquests of Attila
, 
s hordes and the Great Migration. Over the centuries, various types of Podolian cattle were 
formed in various environmental conditions. Therefore, today’s Istrian cattle is genetically related to Podolian breeds in 
Romania and Hungary, Slavonia, Slovenia as well as in Italy  (Posavi et al., 2003; D
, 
Andrea et al., 2011; Maretto et al., 
2012). 
The purpose of the our study was to identify the significant occurrences of recommended microsatellites in remaining 
herds of Istrian cattle and to contribute to the findings of the present status of genetic structures and obtaining the 
baseline data for further more  extensive studies. 
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Review of Literature 
The Istrian cattle belongs to the group of breed with late maturation, i.e. its growth is completed at the age of six or seven 
years, enabling longer working capacity and fertilization ability - sometimes even to the age of twenty years. Other 
principal characteristics of Istrian cattle include relatively easy adjustment to the conditions of extremely warm and 
scarce in vegetation characteristic regions, moderate nutritional needs and longevity.                                                
The phenotype of the cattle is characterized by strong body and firm skeleton; at the age of full maturity’ a cow can 
weigh about 625 kilos (ranging from 55 to 700 kilos) and be high from 138 to even 150 cm in the withers; bulls are 
higher, ranging in the average from 145 to 148 cm, and have body mass from 700 to 1000 kilos. The head of the animal 
is elongate with dark pigmented snout and light folds around vivid black eyes. Eye brows lashes and conjunctivae on 
eyelids are from dark grey to black in color. The color of the tongue is lead-like grey and the palate is always darkly 
pigmented (black sky). The legs are strong and correctly postured with dark hairs bordered and extremely tough hoofs, 
because of the ground across with the cattle move. The color of the hair and skin ranges from grey to very light colors, 
while the calf is in most cases reddish brown at birth, the color of the hair changes into grey after three to four months. A 
specific characteristic includes very long horns, about 40 to 100 cm, and these are most often positions in the form of a 
lira instrument with the distance from 75 to 100 cm between them; at the root the horns are grey to yellow-grey and 
darker toward the apex. The yield of milk is relatively small. During six months lactation period the cows yield on the 
average 1200 (800 to 1500) kilos of milk abounding in milk fat (often more than 6%), which suffices for calf nutrition. 
The nutrition of Istrian bovine cattle is not a demanding one either during the time of their working capacity or season.                            
The Istrian cattle are working animals, enduring and hardy at work, of modest demands, lively character and obedience 
to man. They are trained to start working at the age of 18 months and continue to work until 15 or even 20 years of age. 
Due to their strength and longevity as well as ceremonial purpose for tourism the Istrian, cattle used to be irreplaceable in 
farming activities (Posavi et al., 2003; Ivanković et al., 2006c). 
The Istrian cattle were breed in specific climatic conditions in a harsh karstic ground and during the past two thousand 
years the breed was completely adjusted to the Istrian region. At the end of the 19
th
 century efforts were aimed at 
improving the phenotype by cross-breeding with the Italian Romagnola and Maremmana breeds. Alas, such cross-
breeding was soon abandoned for unsatisfactory characteristic of offspring. Hence since 1931 in the breeding and 
selection only the original Istrian cattle have been used, and strictly selected from domicile herds, and until the 1970 - es 
years in Istria they were predominant bread with 73% of total bovine population. However, in the second half of the 20
th
 
century, the demand for milk and meat products increased, whereat, due to technological development in agriculture, 
Istrian cattle become less important and the highly productive breeds. Reduction of the grasslands and other hard shops 
also contributed to drastically extinction of the Istrian cattle in some twenty years. Studies have shown that Istrian cattle 
participate in less than 10% in total bovine populations. Therefore FAO has put Istrian cattle high on the “List of 
endangered species”. Thanks to the efforts of enthusiastic breeders and some support from the government, the Istrian 
cattle were saved. Finally care was taken by the Association of Istrian cattle breeders founded in 1990, and breeds were 
in 1998 included into the “Program of preservation and the system of protection”. In the past fifteen years the situation 
has improved and the official data for 2016 shows that in Croatia were 865 animals (42 bulls and 823 cows) with 513 
specimens of female offspring, out to which 185 were under a year old. Therefore today Istrian cattle is classified as 
“potentially endangered” (Kovač, 1990; Schefer, 2003; Ivanković et al., 2006b; Ramljak et al., 2011; Croatian 
Agricultural Agency, 2017).    
Methodology 
The studied sample of Istrian cattle included 20 randomly selected animals (14 cows and 6 bulls) aged from 4 to 14 
years, all supervised by veterinarians, with closely related animals excluded.                                                                                                                                 
Blood samples were taken from superficial jugular vein into BD Vacutainer test tubes with anticoagulant KBE 15% 
0.005 mL (Systems Pharmaceutical Solution, Plymouth, PL5,7 BP). The blood samples were centrifuged in the 
laboratory and the leukocytes were separated and the pure genomic DNA was extracted from them by using Nucleo 
Spin
® 
Blood Kit (Macherey Nagel, Düren, Germany) according to the manufacturer’s protocol. In the obtained samples 
of genomic DNA, 11 microsatellite loci were studied (TGLA227, BM2113, TGLA53, ETH10, SPS115, TGLA126, 
TGLA122, INRA23, ETH3, ETH225, BM1824) selected from the set which was recommended by ISAG and FAO in the 
MoDAD program (Bruford et al., 2003; ISAG / FAO, 2004).   
The amplification of the sampled microsatellite loci was performed by the multiplex procedure of Polymerase Chain 
Reaction (PCR) by using a commercial stock Marks
®
 Cattle Bovine Paternity PCR Typing Kit (Applied Biosystems, 
Foster City, Ca, USA), and it was carried out according to the protocol in the Gene Amp
®
 PCR System 9700 device 
(Applied Biosystems). The genetic analysis of PCR products was made by capillary electrophoresis in the ABI Prism 310 
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Genetic Analyzer device (Applied Biosystems) with the use of marked primers and linear GS STR Pop 4 polymer, as 
well as the DNA control according to the manufacturer’s guidelines. 
Data Analysis 
The statistical analysis of microsatellite markers’ occurrence was made by the ABI Prism Genemapper Software 
(Applied Biosystems). The statistical significance of allele peak-ratio values was checked by the Mann–Whitney non-
parametric test. The statistical significance of the differences recorded of homozygosity and heterozygosity within the 
observed populations as well as the assessment of the conformity of the results with HWE were analyzed  by the standard 
Chi square (X²) - test and Fischer’s exact–test. Genetic variety, that is the values of observed heterozygosity (Ho) and the 
expected heterozygosity (He) as well as Wright’s F coefficients were determined by the GENETIX 4.05 program 
(Belkhir et al., 2002; Kaps and Lamberson, 2004).   
Results 
In twenty animals were found 209 (94.14%) genotypes, showing the value of the testing blood sample as an exceptional 
source of genomic DNA. A 100% incidence was recorded in microsatellite loci; only slightly expressed in SPS115 
(3/20), and increased in BM2113 (8/20) loci. The success of genotyping simultaneously demonstrated the 
appropriateness of the selected microsatellite loci and that DNA sequences, to which the primers were bound, were 
evolutionarily preserved.  
In the research were found 138 alleles, with the median value X =12.55 and the number of alleles per each locus varied 
from 4 at SPS115 to 16 at TGLA122 locus. Simultaneously, significant differences of homozygosity and heterozygosity 
were recorded for TGLA227, ETH10, and TGLA126 alleles. Peak-ratio values of separate alleles’ electropherograms 
were different in certain microsatellite loci and the check by Mann-Whitney test showed statistically significant 
differences in both peak-ratio values of TGLA227 and TGLA122 alleles (Table 1).           
Discussion                                                                                                                 
Main Number of Alleles (MNA) and median heterozygosity of all microsatellite loci are valid indicators of population 
genetic variability. However, high values of heterozygosity can point to genetic variability caused by changes in the 
environment (Bruford et al., 2003; Gibson et al., 2007). The existence of 138 ( X = 12.55) different alleles was 
confirmed in the study, while analysis of individual microsatellite loci and alleles variability demonstrated conspicuous 
differences. The greatest allelic variability had locus TGLA122 ranging from 130 to 207 bp, and locus TGLA227 ranging 
from 68 to 112 bp, but another three loci also stood out with high variability (TGLA53, INRA23, BM1824).  
The analysis of individual occurrence of microsatellite loci and allelic variability (Table 2) showed more pronounced 
differences of Ho and He median values, which is a valid indicator of variability within breeds (Gibson et al., 2007). In 
the studied population the He was relatively high and loci TGLA122 (23 different alleles, Ho=0.85, He=0.94) and INRA 
23 (22 different alleles, Ho=0.7, He=0.941) showed the highest variability. Loci ETH3 (9 different alleles, Ho=0.6, 
He=0.618) and ETH225 (8 different alleles, Ho=0.4, He=0.673) showed the least variability.                                                                                             
The distribution of genetic relations between the entire researched group and within the group was expressed by Wright’s 
F coefficients (Belkhir et al., 2002; Kaps and Lamberson, 2004). The Inbreeding coefficient (FIS index) which shows the 
deviation of individuals from HWE, in most loci had a positive value (Ho=0.5572; He=0.836). However, negative values 
were observed only in locus TGLA227 (- 0.4180). These findings with relatively high He values points to the potential 
influence of other breeds, that is, mating of individuals of different genotypes, more often than expected in random 
mating (Table 3). The index of population kinship (FIT) measures the total deviation of the entire population from HWE, 
and for almost all the microsatellite loci it had appropriate values (FIT = 0.31905), except a negative value only at 
TGLA227 (FIT = - 0.00959). The fixation index (FST) measures genetic differences between interpopulation groups, and 
in the studied group it had a positive value for all loci, which points to the fact that the average degree of genetic 
variability is not statistically significant.   
The study and comparison of selected microsatellite loci has shown their reliable applicability as marks in molecular 
characterization as well as in studying kinship in certain herds of cattle. The presented results of our molecular-genetic 
research confirmed the statistical findings by Ivanković et al. (2006 a) regarding increased level of kinship between the 
remaining Istrian cattle breeds. At the time of that genetic research, the effective size of the population was Ne = 68.48, 
but with the necessary correction, it was significantly smaller (Ne= 6.40), whereas the level of kinship inbreeding was ΔF 
= 0.0073. The determined specific polymorphisms of loci showed the level of kinship and purity of studied population as 
well as the endangerment of certain parts of the genome. Median of expected heterozygosity of Istrian cattle was fairly 
high but with higher occurrence of identical alleles due to shared data, that is, mating between related individuals. 
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In this study of Istrian cattle the greatest variability has been observed in TGLA122 locus present with 23 different 
alleles (Ho= 0.85; He= 0.94) and similar findings were in INRA23 with 22 different alleles (Ho = 0.7; He = 0.941). The 
smallest variability was observed in BM1824 locus with 7 different alleles and Ho = 0.578; He = 0.817. The all findings 
indicate a relationship between animals and their suitable purity, but also indicate some threats to certain parts of genome 
within the studied species. Therefore our investigation support the opinion of Ramljak et al.  (2011) that the Istrian cattle 
is a district population that can progress without immigration of neighbor gametes. But genetic variability of the Istrian 
cattle remains very large and a conservation program have to be supported by confirmed mating and  parentage testing 
for safeguard of variability and improve breed identity (Ramljak et al., 2011).        
In a previous comparative study, specific polymorphisms of loci were determined and they showed related genetic 
characteristics between Croatian autochthonous breed of Istrian cattle and the Slavonian Syrmian Podolians. A similar of 
variability in loci TGLA227 and ETH225 was determined with negligible differences of allelic variability as well as the 
approximate similarity of ETH10, ETH3, TGLA53, TGLA126 and BM1824 loci whereas there were differences in 
BM2113, SPS115, TGLA132 and INRA23 loci (Keros et al., 2014).  
The analysis of results in this study and compared them with the results obtained by similar studies from other countries, 
a greater number of different alleles at the same locus were observed. For example, in a study of two breeds of Bulgarian 
Grey cattle the same loci were involved, and in total were determined 178 alleles, with 118 alleles were found in one 
herd whereas only 60 alleles in the other breed and the number of alleles per locus was at least 4 on BM1824 and at most 
13 on TGLA53 (Teneva et al., 2007). A similar study in Romania determined 125 different alleles in 5 different cattle 
breeds. Loci TGLA53 and TGLA122 showed the most variability with 16 alleles each and the smallest number of 7 
alleles, was found in locus ETH225 (Georgescu et al., 2009).The comparison of these results shows that some of the 
alleles identified in our study do not appear in Bulgarian and Romanian cattle breeds, and also should be pointed out that 
our study results show the most variability in the INRA23 and TGLA122 loci and in ETH225 locus. 
The Italian and Croatian authors recently in the considerable population of 202 animals affirmed very close genetic 
relationship when compared the Istrian cattle with Maremmana and Italian Podolica. The Fst genetic distances were 0.058 
and 0.080 respectively and the authors could all them classify in one cluster. This first analysis of genetic diversity and 
population structures is suggestive help breeding and maintaining a good reservoir for breading goals (D
, 
Andrea et al., 
2011; Maretto et al., 2012).  
Conclusion 
In summary, the conducted study of molecular characterization of the autochthonous Istrian cattle points to the need of 
genetic consolidation of the remaining populations. The obtained results of our researches can be applied in the 
protection and breeding programs of preservation of the autochthonous Istrian cattle. In order to preserve the remaining 
purebred animals urgent measures are needed and, if necessary, by introducing some related high-quality breeding 
animals from other breeders for example, from Slavonian Syrmian Podolian, or Maremmana, even Italian Podolica from 
Italy. The data collected in this study certainly can be used in creating   a valid selection program for further breeding.                                                       
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Table 1. Incidence of allele’s loci and homozygous/ heterozygous frequency with allelic peaks 
Locus Non-
expressed  
homozygotes heterozygotes Peaks of alleles 
TGLA227 - 2 18 68.112 
BM2113 - 18 2 117.135 
TGLA53 8 2 10 155.197 
ETH10 - 16 4 196.220 
SPS115 3 13 4 245.264 
TGLA126 - 6 14 100.125 
TGLA122 - 4 16 130.207 
INRA23 - 6 14 190.229 
ETH3 - 8 12 106.127 
ETH225 - 12 8 140.161 
BM1824 - 10 10 180.214 
Table 2. Allelic variability of the observed and expected heterozygosity in the studied population 
Locus HO HE allelic variability 
TGLA227 0.947 0.886 14 
BM2113 0.100 0.870 11 
TGLA53 0.833 0.888 14 
ETH10 0.200 0.837 10 
SPS115 0.235 0.795 8 
TGLA126 0.684 0.886 12 
TGLA122 0.850 0.940 23 
INRA23 0.700 0.941 22 
ETH3 0.600 0.658 9 
ETH225 0.400 0.673 8 
BM1824 0.378 0.817 7 
Total no – of alleles   138 
X  (SE) 
  12.55 (1.64) 
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HO – observed heterozigosity 
HE – expected heterozigosity  
X  – median value  
SE – standard error  
Allelic variability – number of alleles per locus  
Table 3. Inbreeding coefficient (Fis) in the studied population 












All loci  HO (SD) 
             HE (SD) 
             P(0.95)         






P – probability criteria  
